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(54) OPTICAL FILTER AND SPECTROMETER INCLUDING THE SAME

(57) Provided are an optical filter and a spectrometer
including the optical filter. The optical filter includes at
least one first filter element having a first center wave-
length of a first wavelength band, and at least one second
filter element arranged on a same plane as the at least
one first filter element, the at least one second filter ele-
ment having a second center wavelength of a second
wavelength band. The at least one first filter element in-

cludes a first bandpass filter including a plurality of first
Bragg reflective layers and at least one first cavity pro-
vided between the plurality of first Bragg reflective layers,
and a first multi-layer provided on the first bandpass filter,
the first multi-layer having a center wavelength different
than the first center wavelength of the first Bragg reflec-
tive layers in order to block light of a wavelength band
other than the first wavelength band.
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Description

BACKGROUND

1. Field

[0001] The disclosure relates to optical filters and spec-
trometers including the optical filters.

2. Description of Related Art

[0002] A spectrometer is one of the significant optical
devices in the field of optics. However, because a spec-
trometer according to the related art includes various op-
tical devices, the spectrometer is bulky and heavy. Re-
cently, there has been a demand to reduce the size of
the spectrometer, and accordingly, research into simul-
taneous implementation of an integrated circuit and an
optical device on a semiconductor chip has been con-
ducted.

SUMMARY

[0003] Provided are optical filters and spectrometers
including the optical filters.
[0004] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments of the disclosure.
[0005] According to an aspect of the disclosure, there
is provided an optical filter comprising: at least one first
filter element having a first center wavelength within a
first wavelength band; and at least one second filter el-
ement arranged on a same plane as the at least one first
filter element, the at least one second filter element hav-
ing a second center wavelength within a second wave-
length band, wherein each of the at least one first filter
element comprises: a first bandpass filter including a plu-
rality of first Bragg reflective layers and at least one first
cavity provided between the plurality of first Bragg reflec-
tive layers; and a first multi-layer provided on the first
bandpass filter, the first multi-layer having a different
center wavelength than the first center wavelength of the
plurality of first Bragg reflective layers to block light of
other wavelength bands than the first wavelength band.
The optical filter allows for a more compact arrangement
thereby reducing the size of a spectrometer including the
optical filter.
[0006] Each of the plurality of first Bragg reflective lay-
ers and the first multi-layer may have a structure, in which
a plurality of material layers having different refractive
indices from one another are alternately stacked, wherein
each of the plurality of material layers in the first multi-
layer may have a first thickness and may be made of a
first material, and wherein at least one of the first thick-
ness or the first material may be different from a second
thickness or a second material of each of the plurality of
material layers of the plurality of first Bragg reflective lay-

ers.
[0007] The first multi-layer may include a third Bragg
reflective layer including material layers having identical
optical thicknesses.
[0008] The first multi-layer may include a first pass filter
including material layers, at least some of which have
different optical thicknesses.
[0009] The first pass filter may include a shortpass fil-
ter.
[0010] The first center wavelength of the first bandpass
filter may be adjusted by changing a thickness or an ef-
fective refractive index of the at least one first cavity.
[0011] The at least one second filter element may com-
prise: a second bandpass filter including a plurality of
second Bragg reflective layers and a second cavity be-
tween the plurality of second Bragg reflective layers; and
a second multi-layer provided on the second bandpass
filter, the second multi-layer having a different center
wavelength than the second center wavelength of the
plurality of second Bragg reflective layers to block light
of other wavelength bands than the second wavelength
band.
[0012] Each of the plurality of second Bragg reflective
layers and the second multi-layer may have a structure,
in which a plurality of material layers having different re-
fractive indices from one another are alternately stacked,
wherein the plurality of material layers in the second mul-
ti-layer may have a third thickness and may be made of
a third material, and wherein at least one of the third
thickness or the third material may be different from a
fourth thickness or a fourth material of each of the plurality
of material layers of the plurality of second Bragg reflec-
tive layers.
[0013] The material layers in each of the second Bragg
reflective layers may be same as the material layers in
the first multi-layer, and the material layers in the second
multi-layer may be same as material layers in each of
the first Bragg reflective layers.
[0014] The second multi-layer may include a fourth
Bragg reflective layer including material layers having
identical optical thicknesses.
[0015] The second multi-layer may include a second
pass filter including material layers, at least some of
which have different optical thicknesses.
[0016] The second pass filter may include a longpass
filter.
[0017] The second center wavelength of the second
bandpass filter may be adjusted by changing a thickness
or an effective refractive index of the second cavity.
[0018] The at least one second filter element may com-
prise a second bandpass filter that includes a plurality of
second Bragg reflective layers including a material ab-
sorbing the light of the first wavelength band and a cavity
provided between the plurality of second Bragg reflective
layers.
[0019] The optical filter may further comprise at least
one third filter element arranged on a same plane as the
at least one first filter element and the at least one second
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filter element, wherein the at least one third filter element
has a third center wavelength between the first wave-
length band and the second wavelength band.
[0020] The optical filter may further comprise an addi-
tional filter provided on the at least one first filter element
and the at least one second filter element to only transmit
a certain wavelength band.
[0021] The additional filter may comprise a color filter
or a wideband filter.
[0022] The optical filter may further comprise a short-
wavelength absorption filter is provided on some of the
at least one first filter element and the at least one second
filter element and a long-wavelength block filter is pro-
vided on some of the other of the at least one first filter
element and the at least one second filter element.
[0023] According to another aspect of the disclosure,
there is provided an optical filter comprising: a plurality
of filter elements arranged on a same plane, the plurality
of filter elements having center wavelengths in different
wavelength bands, wherein each of the plurality of filter
elements comprises: a plurality of material layers having
refractive indices different from one another; and a cavity
provided between the plurality of material layers, wherein
the plurality of material layers have gradually increasing
thicknesses that are gradually in a first direction.
[0024] The center wavelengths of the plurality of filter
elements may be adjusted by changing a location of the
cavity of the respective one of the plurality of filter ele-
ments.
[0025] According to another aspect of the disclosure,
there is provided a spectrometer comprising: an optical
filter; and a sensing device receiving light transmitted
through the optical filter, wherein the optical filter com-
prises: at least one first filter element having a first center
wavelength within a first wavelength band; and at least
one second filter element arranged on a same plane as
the at least one first filter element, the at least one second
filter element having a second center wavelength within
a second wavelength band, the at least one first filter
element comprises: a first bandpass filter including a plu-
rality of first Bragg reflective layers and at least one first
cavity provided between the plurality of first Bragg reflec-
tive layers; and a first multi-layer provided on the first
bandpass filter, the first multi-layer having a different
center wavelength than the first center wavelength of the
plurality of first Bragg reflective layers to block light of
other wavelength bands than the first wavelength band.
[0026] Each of the plurality of first Bragg reflective lay-
ers and the first multi-layer may have a structure, in which
a plurality of material layers having different refractive
indices from one another are alternately stacked, wherein
each of the plurality of material layers in the first multi-
layer may have a first thickness and may be made of a
first material, and wherein at least one of the first thick-
ness or the first material may be different from a second
thickness or a second material of each of the plurality of
material layers of the plurality of first Bragg reflective lay-
ers.

[0027] The first multi-layer may include a third Bragg
reflective layer including material layers having identical
optical thicknesses.
[0028] The first multi-layer may include a first pass filter
including material layers, at least some of which have
different optical thicknesses.
[0029] The first center wavelength of the first bandpass
filter may be adjusted by changing a thickness or an ef-
fective refractive index of the at least one first cavity.
[0030] The at least one second filter element may com-
prise: a second bandpass filter including a plurality of
second Bragg reflective layers and a second cavity be-
tween the plurality of second Bragg reflective layers; and
a second multi-layer provided on the second bandpass
filter, the second multi-layer having a different center
wavelength than the second center wavelength of the
plurality of second Bragg reflective layers to block light
of other wavelength bands than the second wavelength
band.
[0031] Each of the plurality of second Bragg reflective
layers and the second multi-layer may have a structure,
in which a plurality of material layers having different re-
fractive indices from one another are alternately stacked,
wherein the plurality of material layers in the second mul-
ti-layer may have a third thickness and is made of a third
material, and wherein at least one of the third thickness
or the third material is different from a fourth thickness
or a fourth material of each of the plurality of material
layers of the plurality of second Bragg reflective layers.
[0032] The second multi-layer may include a fourth
Bragg reflective layer including material layers having
identical optical thicknesses.
[0033] The second multi-layer may include a first pass
filter including material layers, at least some of which
have different optical thicknesses.
[0034] The second center wavelength of the second
bandpass filter may be adjusted by changing a thickness
or an effective refractive index of the second cavity.
[0035] The at least one second filter element may com-
prise a second bandpass filter that includes a plurality of
second Bragg reflective layers including a material ab-
sorbing the light of the first wavelength band and a cavity
provided between the plurality of second Bragg reflective
layers.
[0036] The optical filter may further comprise at least
one third filter element arranged on a same plane as the
at least one first filter element and the at least one second
filter element, and the at least one third filter element may
have a third center wavelength between the first wave-
length band and the second wavelength band.
[0037] The optical filter further may comprise an addi-
tional filter provided on the at least one first filter element
and the at least one second filter element to only transmit
a certain wavelength band.
[0038] The spectrometer may further comprise a short-
wavelength absorption filter provided on some of the at
least one first filter element and the at least one second
filter element and a long-wavelength block filter is pro-
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vided on some of the other of the at least one first filter
element and the at least one second filter element.
[0039] According to another aspect of the disclosure,
there is provided an optical filter comprising: a first band-
pass filter having a first center wavelength within a first
wavelength band, the first bandpass filter including a plu-
rality of first Bragg reflective layers and at least one first
cavity provided between the plurality of first Bragg reflec-
tive layers; a first multi-layer provided on the first band-
pass filter, the first multi-layer having a plurality of first
material layers configured to block light of wavelength
bands different from the first wavelength band; a second
bandpass filter having a second center wavelength within
a second wavelength band, the second bandpass filter
including a plurality of second Bragg reflective layers and
at least one second cavity provided between the plurality
of second Bragg reflective layers; and a second multi-
layer provided on the second bandpass filter, the second
multi-layer having a plurality of second material layers
configured to block light of wavelength bands different
from the second wavelength band, wherein the first band-
pass filter and the first multi-layer are provided on a same
plane as the second bandpass filter and the second multi-
layer.
[0040] According to another aspect of the disclosure,
there is provided an optical filter comprising: a first filter
group comprising: a plurality of first bandpass filters; and
a plurality of first multi-layers provided on the plurality of
first bandpass filters; and a second filter group compris-
ing: a plurality of second bandpass filters; and a plurality
of second multi-layers provided on the second bandpass
filters, wherein the plurality of first bandpass filters com-
prises: a first first bandpass filter having a first center
wavelength within a first wavelength band, and a second
first bandpass filter having a second center wavelength
within a first wavelength band, and wherein the plurality
of first multi-layers is configured to block light of wave-
length bands different from the first wavelength band.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The above and other aspects, features, and ad-
vantages of certain embodiments of the disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a perspective view of a spectrometer ac-
cording to an example embodiment;
FIG. 2 is a cross-sectional view of an optical filter
taken along line II-II’ of FIG. 1;
FIG. 3 is a cross-sectional view of a first bandpass
filter group of FIG. 2;
FIG. 4 is a cross-sectional view showing an example
of a first multi-layer of FIG. 2;
FIG. 5 is a diagram showing an example of a trans-
mission spectrum of the first bandpass filter group
of FIG. 3;
FIG. 6 is a diagram showing optical thicknesses of

material layers constituting a second Bragg reflec-
tive layer of FIG. 4;
FIG. 7 is a diagram showing an example of a trans-
mission spectrum of the second Bragg reflective lay-
er of FIG. 6;
FIG. 8 is a diagram showing an example of a trans-
mission spectrum of a first filter group of FIG. 2;
FIG. 9 is a cross-sectional view of a second band-
pass filter group of FIG. 2;
FIG. 10 is a cross-sectional view showing an exam-
ple of a second multi-layer of FIG. 2;
FIG. 11 is a diagram showing an example of a trans-
mission spectrum of the second bandpass filter
group of FIG. 9;
FIG. 12 is a diagram showing optical thicknesses of
material layers constituting a first Bragg reflective
layer of FIG. 10;
FIG. 13 is a diagram showing an example of a trans-
mission spectrum of the first Bragg reflective layer
of FIG. 12;
FIG. 14 is a diagram showing an example of a trans-
mission spectrum of a second filter group of FIG. 2;
FIG. 15 is a diagram showing an example of a trans-
mission spectrum of an optical filter of FIG. 2;
FIG. 16 is a cross-sectional view showing another
example of the first multi-layer of FIG. 2;
FIG. 17 is a diagram showing an example of optical
thicknesses of material layers constituting a first
pass filter of FIG. 16;
FIG. 18 is a diagram showing an example of a trans-
mission spectrum of a first pass filter of FIG. 17;
FIG. 19 is a diagram showing an example of a trans-
mission spectrum obtained by adjusting optical thick-
nesses of material layers constituting a first pass fil-
ter of FIG. 16;
FIG. 20 is a cross-sectional view showing another
example of a second multi-layer of FIG. 2;
FIG. 21 is a diagram showing an example of optical
thicknesses of material layers constituting a second
pass filter of FIG. 20;
FIG. 22 is a diagram showing an example of a trans-
mission spectrum of a second pass filter of FIG. 21;
FIG. 23 is a diagram showing an example of a trans-
mission spectrum of a second filter group adopting
the second pass filter of FIG. 21;
FIG. 24 is a diagram showing an example of a trans-
mission spectrum obtained by adjusting optical thick-
nesses of material layers constituting a second pass
filter of FIG. 20;
FIG. 25 is a diagram showing another example of a
first bandpass filter group that may be adopted in the
optical filter of FIG. 2;
FIG. 26 is a diagram showing another example of a
second bandpass filter group that may be adopted
in the optical filter of FIG. 2;
FIG. 27 is a diagram showing another example of a
bandpass filter that may be adopted in the optical
filter of FIG. 2;
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FIG. 28 is a diagram showing another example of a
multi-layer that may be adopted in the optical filter
of FIG. 2;
FIG. 29 is a cross-sectional view of an optical filter
according to another example embodiment;
FIG. 30 is a diagram showing an example of a trans-
mission spectrum of an optical filter of FIG. 29;
FIG. 31 is a cross-sectional view of an optical filter
according to another example embodiment;
FIG. 32 is a diagram showing an example of a trans-
mission spectrum of a first filter unit of FIG. 31;
FIG. 33 is a diagram showing an example of a trans-
mission spectrum of a second filter unit of FIG. 31;
FIG. 34 is a cross-sectional view of an optical filter
according to another example embodiment;
FIG. 35 is a cross-sectional view of an optical filter
according to another example embodiment;
FIG. 36 is a diagram showing an example of a trans-
mission spectrum of an optical filter of FIG. 35;
FIG. 37 is a cross-sectional view of an optical filter
according to another example embodiment;
FIG. 38 is a diagram showing an example of a wide-
band filter that may be used as an additional filter of
FIG. 37;
FIG. 39 is a diagram showing another example of a
wideband filter that may be used as an additional
filter of FIG. 37; and
FIG. 40 is a cross-sectional view of an optical filter
according to another example embodiment.

DETAILED DESCRIPTION

[0042] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the example embodiments are
merely described below, by referring to the figures, to
explain aspects. As used herein, the term "and/or" in-
cludes any and all combinations of one or more of the
associated listed items. Expressions such as "at least
one of," when preceding a list of elements, modify the
entire list of elements and do not modify the individual
elements of the list.
[0043] Hereinafter, one or more example embodi-
ments of the disclosure will be described in detail with
reference to accompanying drawings. In the drawings,
like reference numerals denote like components, and siz-
es of components in the drawings may be exaggerated
for convenience of explanation. The embodiments of the
disclosure are capable of various modifications and may
be embodied in many different forms.
[0044] When a layer, a film, a region, or a panel is re-
ferred to as being "on" another element, it may be directly
on the other layer or substrate, or intervening layers may
also be present. An expression used in the singular en-

compasses the expression of the plural, unless it has a
clearly different meaning in the context. Throughout the
specification, when a portion "includes" an element, an-
other element may be further included, rather than ex-
cluding the existence of the other element, unless other-
wise described.
[0045] As used herein, in particular, terms such as "the"
and demonstratives similar thereto used herein may be
to indicate both the singular and the plural. Also, the steps
of all methods described herein may be performed in any
suitable order unless otherwise indicated herein or oth-
erwise clearly contradicted by context.
[0046] In addition, the terms such as "... unit", "mod-
ule", etc. provided herein indicates a unit performing at
least one function or operation, and may be realized by
hardware, software, or a combination of hardware and
software.
[0047] Furthermore, the connecting lines or connec-
tors shown in the drawings are intended to represent ex-
ample functional relationships and/or physical or logical
couplings between the various elements. It should be
noted that many alternative or additional functional rela-
tionships, physical connections, or logical connections
may be present in a practical device.
[0048] The use of any and all examples, or example
language provided herein, is intended merely to better
illuminate the present disclosure and does not pose a
limitation on the scope of the present disclosure unless
otherwise claimed.
[0049] FIG. 1 is a perspective view of a spectrometer
1000 according to an example embodiment. FIG. 2 is a
cross-sectional view of an optical filter 1100 taken along
line II-II’ of FIG. 1.
[0050] Referring to FIG. 1 and FIG. 2, the spectrometer
1000 includes a sensing device 2400 and an optical filter
1100 provided on the sensing device 2400. The optical
filter 1100 may include a plurality of filter units arranged
two-dimensionally. However, one or more embodiments
are not limited thereto, and the plurality of filter units may
be arranged one-dimensionally. FIG. 2 exemplarily
shows cross-sections of six filter units 110, 120, 130,
210, 220, and 230.
[0051] The sensing device 2400 may receive light that
has passed through the optical filter 1100 and convert
the light into an electric signal. The light passing through
the optical filter 1100 reaches pixels of the sensing device
2400. The sensing device 2400 converts the light incident
to the pixels into electric signals to perform spectroscopy
on the light incident to the optical filter 1100. The sensing
device 2400 may include, for example, an image sensor
such as a charge coupled device (CCD), a complemen-
tary metal oxide semiconductor (CMOS) image sensor,
etc., or a photodiode. However, one or more example
embodiments are not limited thereto.
[0052] The optical filter 1100 may include first and sec-
ond filter groups 100 and 200 on the same plane. Here,
the first filter group 100 may include first to third filter units
110, 120, and 130, and the second filter group 200 may
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include fourth to sixth filter units 210, 220, and 230. How-
ever, one or more example embodiments of the disclo-
sure are not limited thereto, and the number of filter units
included in each of the first and second filter groups 100
and 200 may vary.
[0053] The first filter group 100 may include a first
bandpass filter group 100a and a first multi-layer 100b
on the first bandpass filter group 100a. The first bandpass
filter group 100a may have center wavelengths within a
first wavelength band (e.g., about 400 nm to 550 nm),
and the first multi-layer 100b may block light of other
wavelength bands than the first wavelength band.
[0054] FIG. 3 shows a cross-section of the first band-
pass filter group 100a, and FIG. 4 shows an example of
the first multi-layer 100b.
[0055] Referring to FIGS. 3 and 4, the first bandpass
filter group 100a may include first to third bandpass filters
110a, 120a, and 130a having center wavelengths differ-
ent from one another within the first wavelength band
(e.g., about 400 nm to about 550 nm). The first bandpass
filter 110a and the first multi-layer 100b may form the first
filter unit 110, the second bandpass filter 120a and the
first multi-layer 100b may form the second filter unit 120,
and the third bandpass filter 130a and the first multi-layer
100b may form the third filter unit 130.
[0056] Each bandpass filter transmits a wavelength
band including a certain center wavelength, and has a
Fabry-Perot structure, in which a cavity is provided be-
tween two reflective layers. A center wavelength and a
wavelength band of the light passing through the band-
pass filter may be determined according to reflection
bands of the reflective layers and characteristics of the
cavity.
[0057] Each of the first to third bandpass filters 110a,
120a, and 130a includes two first Bragg reflective layers
151 and a cavity 161, 162, or 163 between the first Bragg
reflective layers 151. The first to third bandpass filters
110a, 120a, and 130a may respectively include first to
third cavities 161, 162, and 163. The first Bragg reflective
layer 151 may be a distributed Bragg reflector (DBR).
[0058] Each of the first Bragg reflective layers 151 may
have a structure in which first and second material layers
151a and 151b having different refractive indices are al-
ternately stacked. The first and second material layers
151a and 151b may have the same optical thickness.
Here, the optical thickness denotes a thickness reflecting
a wavelength and a refractive index of incident light in
addition to a physical thickness. Hereinafter, the term
’thickness’ denotes a physical thickness.
[0059] For example, the first and second material lay-
ers 151a and 151b may include silicon oxide and titanium
oxide. In another example, the first and second material
layers 151a and 151b may include silicon oxide and sil-
icon. However, one or more example embodiments are
not limited thereto, and the first and second material lay-
ers 151a and 151b may include other various materials.
Silicon may have a refractive index of about 3.0 or great-
er, silicon oxide may have a refractive index of about 1.4

to 1.5, and titanium oxide may have a refractive index of
about 1.9 to 3.0.
[0060] The cavities 161, 162, and 163 between the first
Bragg reflective layers 151 may include a dielectric ma-
terial having a certain refractive index as a resonant layer.
For example, the cavities 161, 162, and 163 may include
silicon, silicon oxide, or titanium oxide. When the light is
incident into the first to third cavities 161, 162, and 163
after passing through the first Bragg reflective layer 151,
the light reciprocates in the first to third cavities 161, 162,
and 163 between the first Bragg reflective layers 151 and
causes constructive interference and destructive inter-
ference. In addition, the light having a certain center
wavelength that satisfies the constructive interference
condition is output from the first to third bandpass filters
110a, 120a, and 130a.
[0061] The first cavity 161 may have a thickness that
is less than that of the second cavity 162, and the third
cavity 163 may have a thickness that is greater than that
of the second cavity 162. Accordingly, the first bandpass
filter 110a may have a first center wavelength that is less
than a second center wavelength of the second band-
pass filter 120a, and the third bandpass filter 130a may
have a third center wavelength that is greater than the
second wavelength of the second bandpass filter 120a.
[0062] The first multi-layer 100b is on the first band-
pass filter group 100a. Here, the first multi-layer 100b
may be the second Bragg reflective layer 152. The sec-
ond Bragg reflective layer 152 may include a DBR like
the first Bragg reflective layer 151. Here, the second
Bragg reflective layer 152 may have a reflective wave-
length band that is different from that of the first Bragg
reflective layer 151.
[0063] The second Bragg reflective layer 152 may
have a structure in which third and fourth material layers
152a and 152b having different refractive indices are al-
ternately stacked. Here, the third and fourth material lay-
ers 152a and 152b may have an equal optical thickness.
[0064] The third and fourth material layers 152a and
152b may include the same material as that of the first
and second material layers 151a and 151b, but are not
limited thereto. For example, the third and fourth material
layers 152a and 152b may include silicon oxide and tita-
nium oxide. In another example, the third and fourth ma-
terial layers 152a and 152b may include silicon oxide and
silicon. However, one or more example embodiments are
not limited thereto, and the third and fourth material layers
152a and 152b may include other various materials.
[0065] At least one of the material and thickness of the
third and fourth material layers 152a and 152b may be
different from at least one of the material and thickness
of the first and second material layers 151a and 151b,
such that the second Bragg reflective layer 152 may have
a different reflective wavelength band from a reflective
wavelength band of the first Bragg reflective layer 151.
For example, when the third and fourth material layers
152a and 152b are the same as the first and second
material layers 151a and 151b, the third and fourth ma-
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terial layers 152a and 152b may have a different thick-
ness from that of the first and second material layers
151a and 151b. FIG. 4 shows an example, in which the
third and fourth material layers 152a and 152b have thick-
nesses that are greater than those of the first and second
material layers 151a and 151b.
[0066] The third and fourth material layers 152a and
152b may include a different material from that of the first
and second material layers 151a and 151b. In this case,
the third and fourth material layers 152a and 152b may
have thicknesses that are the same as or different from
those of the first and second material layers 151a and
151b.
[0067] FIG. 5 is a diagram showing an example of a
transmission spectrum of the first bandpass filter group
100a of FIG. 3. Referring to FIG. 5, the first bandpass
filter group 100a transmits light of an undesired wave-
length band (SA), as well as the light of the first wave-
length band (about 400 nm to about 550 nm).
[0068] FIG. 6 shows the optical thickness of the third
and fourth material layers 152a and 152b included in the
second Bragg reflective layer 152 of FIG. 4. In FIG. 6,
the acronym full wave optical thickness (FWOT) denotes
an optical thickness and may be defined by "(thickness
x refractive index)/wavelength of incident light." Here, the
wavelength of the incident light denotes a center wave-
length of a photonic bandgap blocked by the second
Bragg reflective layer.
[0069] Referring to FIG. 6, the third and fourth material
layers 152a and 152b included in the second Bragg re-
flective layer 152 have an equal optical thickness. The
optical thicknesses (FWOT) of the third and fourth ma-
terial layers 152a and 152b may be about, for example,
0.25.
[0070] FIG. 7 is a diagram showing an example of a
transmission spectrum of the second Bragg reflective lay-
er 152 of FIG. 6. Referring to FIG. 7, the second Bragg
reflective layer 152 mostly reflects the light of other wave-
length bands than the first wavelength band (about 400
nm to about 550 nm).
[0071] FIG. 8 is a diagram showing an example of a
transmission spectrum of the first filter group 100 of FIG.
2. Referring to FIG. 8, the second Bragg reflective layer
152 on the first bandpass filter group 100a blocks the
light of the other wavelength band than the first wave-
length band (about 400 nm to about 550 nm), and thus,
the first filter group 100 may only transmit the light of the
first wavelength band, that is, the desired wavelength
band.
[0072] In the above description, the first multi-layer
100b is on the first bandpass filter group 100a, but the
first multi-layer 100b may be under or below the first
bandpass filter group 100a. That is, according to an ex-
ample embodiment, the first multi-layer 100b may be pro-
vided on a top surface of the first bandpass filter group
100a, or the first multi-layer 100b may be provided on a
bottom surface of the first bandpass filter group 100a.
According to an example embodiment, the first multi-lay-

er 100b may be provided on both a top surface of the
first bandpass filter group 100a and a bottom surface of
the first bandpass filter group 100a.
[0073] The second filter group 200 may include a sec-
ond multi-layer 200b and a second bandpass filter group
200a on the second multi-layer 200b. The second band-
pass filter group 200a may have center wavelengths with-
in a second wavelength band (e.g., about 550 nm to 700
nm), and the second multi-layer 200b may block light of
other wavelength bands than the second wavelength
band.
[0074] FIG. 9 shows a cross-section of the second
bandpass filter group 200a, and FIG. 10 shows an ex-
ample of the second multi-layer 200b.
[0075] Referring to FIGS. 9 and 10, the second multi-
layer 200b may include a first Bragg reflective layer 252.
Here, the first Bragg reflective layer 252 may be the same
as the first Bragg reflective layer 151 in the first filter group
100, except for the number of layers. The first Bragg re-
flective layer 252 may have a reflective wavelength band
that is different from that of a second Bragg reflective
layer 251 that will be described later.
[0076] The first Bragg reflective layer 252 may have a
structure, in which first and second material layers 252a
and 252b having different refractive indices are alternate-
ly stacked. Here, the first and second material layers
252a and 252b may have an equal optical thickness.
[0077] The second bandpass filter group 200a is on
the second multi-layer 200b. The second bandpass filter
group 200a may include fourth, fifth, and sixth bandpass
filters 210a, 220a, and 230a having different center wave-
lengths from one another within the second wavelength
band (e.g., about 550 nm to about 700 nm). The fourth
bandpass filter 210a and the second multi-layer 200b
form the fourth filter unit 210, the fifth bandpass filter 220a
and the second multi-layer 200b form the fifth filter unit
220, and the sixth bandpass filter 230a and the second
multi-layer 200b form the sixth filter unit 230.
[0078] Each of the fourth, fifth, and sixth bandpass fil-
ters 210a, 220a, and 230a includes two second Bragg
reflective layers 251 and a cavity 261, 262, or 263 be-
tween the two second Bragg reflective layers 251. Here,
the fourth, fifth, and sixth bandpass filters 210a, 220a,
and 230a may respectively include the fourth, fifth, and
sixth cavities 261, 262, and 263 having different thick-
nesses. Each of the second Bragg reflective layers 251
may be a DBR.
[0079] Each of the second Bragg reflective layers 251
may be the same as the second Bragg reflective layer
152 in the first filter group 100, except for the number of
layers. The second Bragg reflective layer 251 may have
a structure, in which third and fourth material layers 251a
and 251b having different refractive indices are alternate-
ly stacked. Here, the third and fourth material layers 251a
and 251b may have an equal optical thickness.
[0080] At least one of the material and thickness of the
third and fourth material layers 251a and 251b may be
different from at least one of the material and thickness
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of the first and second material layers 252a and 252b,
such that the second Bragg reflective layer 251 may have
a different reflective wavelength band from that of the
first Bragg reflective layer 252. For example, when the
third and fourth material layers 251a and 251b are the
same as the first and second material layers 252a and
252b, the third and fourth material layers 251a and 251b
may have thicknesses that are different from those of the
first and second material layers 252a and 252b. FIG. 9
shows an example, in which the third and fourth material
layers 251a and 251b have thicknesses that are greater
than those of the first and second material layers 252a
and 252b.
[0081] The cavities 261, 262, and 263 between the
second Bragg reflective layers 251 may include a dielec-
tric material having a certain refractive index as a reso-
nant layer. For example, the cavities 261, 262, and 263
may include silicon, silicon oxide, or titanium oxide.
[0082] The fourth cavity 261 may have a thickness that
is less than that of the fifth cavity 262, and the sixth cavity
263 may have a thickness that is greater than the fifth
cavity 262. Accordingly, in the second bandpass filter
group 200a, the fourth bandpass filter 210a has a fourth
center wavelength that is less than a fifth center wave-
length of the fifth bandpass filter 220a, and the sixth band-
pass filter 230a may have a sixth center wavelength that
is greater than the fifth center wavelength of the fifth
bandpass filter 220a.
[0083] FIG. 11 shows an example of a transmission
spectrum of the second bandpass filter group 200a of
FIG. 9. Referring to FIG. 11, the second bandpass filter
group 200a transmits light of an undesired wavelength
band SB, as well as the light of the second wavelength
band (about 550 nm to about 700 nm).
[0084] FIG. 12 shows the optical thickness of the first
and second material layers 252a and 252b in the first
Bragg reflective layer 252 of FIG. 10. Referring to FIG.
12, the first and second material layers 252a and 252b
in the first Bragg reflective layer 252 have an equal optical
thickness. The optical thickness (FWOT) of the first and
second material layers 252a and 252b may be about, for
example, 0.25.
[0085] FIG. 13 is a diagram showing an example of a
transmission spectrum of the first Bragg reflective layer
252 of FIG. 12. Referring to FIG. 13, the first Bragg re-
flective layer 252 mostly reflects the light of the other
wavelength bands than the second wavelength band
(about 550 nm to about 700 nm).
[0086] FIG. 14 is a diagram showing an example of a
transmission spectrum of the second filter group 200 of
FIG. 2. Referring to FIG. 14, the first Bragg reflective
layer 252 provided under the second bandpass filter
group 200a blocks the light of the other wavelength band
than the second wavelength band (about 550 nm to about
700 nm), and thus, the second filter group 200 may only
transmit the light of the second wavelength band that is
desired.
[0087] In the above description, the first Bragg reflec-

tive layer 252 is provided under the second bandpass
filter group 200a, but the first Bragg reflective layer 252
may be provided above the second bandpass filter group
200a.
[0088] FIG. 15 is a diagram showing an example of a
transmission spectrum of the optical filter 1100 of FIG.
2. Referring to FIG. 15, the first filter group 100 may only
transmit the light of the first wavelength band (e.g., about
400 nm to about 550 nm) because the second Bragg
reflective layer 152 blocks the light of the wavelength
band that is not desired by the first bandpass filter group
100a, and the second filter group 200 may only transmit
the light of the second wavelength band (e.g., about 550
nm to about 700 nm) because the first Bragg reflective
layer 252 blocks the light of the wavelength band that is
not desired by the second bandpass filter group 200a.
Accordingly, the optical filter 1100 according to the ex-
ample embodiment may implement wideband character-
istics only by transmitting the light of the first and second
wavelength bands.
[0089] FIG. 16 is a cross-sectional view showing an-
other example of the first multi-layer 100b of FIG. 2.
[0090] Referring to FIG. 16, the first multi-layer 100b
of the first filter group 100 may include a first pass filter
152’. The first pass filter 152’ may be a shortpass filter
that only transmits the light of a certain wavelength (e.g.,
about 550 nm) or less.
[0091] The first pass filter 152’ may be the same as
the second Bragg reflective layer 152 of the first filter
group 100 described above, except for a thickness of a
layer. In detail, the first pass filter 152’ may have a struc-
ture, in which third and fourth material layers 152’a and
152’b having different refractive indices are alternately
stacked. Here, at least some of the third and fourth ma-
terial layers 152’a and 152’b may have a different thick-
ness.
[0092] FIG. 17 shows an example of the optical thick-
ness of the third and fourth material layers 152’a and
152’b in the first pass filter 152’ of FIG. 16. Referring to
FIG. 17, among the third and fourth material layers 152’a
and 152’b included in the first pass filter 152’, that is, the
short pass filter, the outermost material layers (152’b)
have optical thicknesses greater than those of the other
material layers 152’a and 152’b. For example, the outer-
most material layers (152’b) may have an optical thick-
ness (FWOT) that is greater than about 0.25 and less
than about 0.5. In addition, the innermost material layers
152’a and 152’b may have an optical thickness (FWOT)
of about 0.25.
[0093] FIG. 18 shows an example of the transmission
spectrum of the first pass filter 152’ shown in FIG. 17.
Referring to FIG. 18, the first pass filter 152’ has superior
transmission characteristic as compared with the second
Bragg reflective layer 152 described above, at a certain
wavelength (e.g., about 550 nm) or less.
[0094] In the above description, an example in which
the optical thicknesses of the two outermost fourth ma-
terial layers 152’b from among the third and fourth ma-
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terial layers 152’a and 152’b included in the first pass
filter 152’ are changed is shown. However, according to
an example embodiment, the optical thicknesses of the
third and fourth material layers 152’a and 152’b may be
variously changed.
[0095] FIG. 19 shows an example of the transmission
spectrum that is obtained by adjusting the optical thick-
nesses of the third and fourth material layers 152’a and
152’b included in the first pass filter 152’. Referring to
FIG. 19, excellent transmission characteristics may be
implemented by adjusting the optical thicknesses of the
third and fourth material layers 152’a and 152’b included
in the first pass filter 152’.
[0096] FIG. 20 is a cross-sectional view showing an-
other example of the second multi-layer 200b of FIG. 2.
[0097] Referring to FIG. 20, the second multi-layer
200b of the second filter group 200 may include a second
pass filter 252’. The second pass filter 252’ may be a
longpass filter that only transmits the light of a certain
wavelength (e.g., about 550 nm) or greater.
[0098] The second pass filter 252’ may be the same
as the first Bragg reflective layer 252 of the second filter
group 200 described above, except for a thickness of a
layer. In detail, the second pass filter 252’ may have a
structure, in which first and second material layers 252’a
and 252’b having different refractive indices are alter-
nately stacked. Here, at least some of the first and second
material layers 252’a and 252’b may have different thick-
nesses from those of the others).
[0099] FIG. 21 shows an example of the optical thick-
ness of the first and second material layers 252’a and
252’b in the second pass filter 252’ of FIG. 20. Referring
to FIG. 21, from among the first and second material lay-
ers 252’a and 252’b included in the second pass filter
252’, that is, the longpass filter, two outermost material
layers 252’b have optical thicknesses that are less than
those of the other material layers 252’a and 252’b. For
example, the outermost material layers 252’b may have
an optical thickness (FWOT) that is greater than about
0.1 and less than about 0.25. In addition, the inner ma-
terial layers 252’a and 252’b may have an optical thick-
ness (FWOT) of about 0.25.
[0100] FIG. 22 shows an example of the transmission
spectrum of the second pass filter 252’ shown in FIG. 21.
Referring to FIG. 22, the second pass filter 252’ has su-
perior transmission characteristic as compared with the
first Bragg reflective layer 252 described above, at a cer-
tain wavelength (e.g., about 550 nm) or greater.
[0101] FIG. 23 is a diagram showing an example of a
transmission spectrum of the second filter group 200
adopting the second pass filter 252’ of FIG. 21. Referring
to FIG. 23, the transmission spectrum of the second filter
group 200 adopting the second pass filter 252’ has su-
perior transmission characteristics as compared with the
transmission spectrum of the second filter group 200
adopting the first Bragg reflective layer 252 shown in FIG.
14.
[0102] In the above description, an example in which

the optical thicknesses of the two outermost second ma-
terial layers 252’b from among the first and second ma-
terial layers 252’a and 252’b included in the second pass
filter 252’ are changed is shown. However, according to
an example embodiment, the optical thicknesses of the
first and second material layers 252’a and 252’b may be
variously changed.
[0103] FIG. 24 shows an example of the transmission
spectrum that is obtained by adjusting the optical thick-
nesses of the first and second material layers 252’a and
252’b included in the second pass filter 252’. Referring
to FIG. 24, excellent transmission characteristics may be
implemented by adjusting the optical thicknesses of the
first and second material layers 252’a and 252’b included
in the second pass filter 252’.
[0104] FIG. 25 is a diagram showing an example of a
first bandpass filter group 500a that may be adopted in
the optical filter 1100 of FIG. 2 according to another ex-
ample embodiment. The first bandpass filter group 500a
shown in FIG. 25 is the same as the first bandpass filter
group 100a of FIG. 3, except for cavities 561, 562, and
563.
[0105] Referring to FIG. 25, the first bandpass filter
group 500a may include first, second, and third bandpass
filters 510a, 520a, and 530a having different center wave-
lengths from one another within the first wavelength
band. Each of the first, second, and third bandpass filters
510a, 520a, and 530a includes two first Bragg reflective
layers 151 and a cavity 561, 562, or 563 between the
first Bragg reflective layers 151. Here, the first, second,
and third bandpass filters 510a, 520a, and 530a may
respectively include the first, second, and third cavities
561, 562, and 563 having different effective refractive
indices from one another.
[0106] The first cavity 561 may have a structure in
which a first material layer M1 and a second material
layer M2 having different refractive indices are alternately
stacked. For example, the first material layer M1 may
include silicon and the second material layer M2 may
include silicon oxide. However, one or more embodi-
ments are not limited thereto, and the first and second
material layers may include various other materials.
[0107] FIG. 25 shows an example in which the first and
second material layers are arranged in a direction per-
pendicular to the first Bragg reflective layer 151. Howev-
er, one or more example embodiments are not limited
thereto, and the first and second material layers may be
arranged in parallel with the first Bragg reflective layer
151 or may be two-dimensionally arranged.
[0108] The second cavity 562 may include the first and
second material layers having different widths from those
of the first cavity 561, and thus, may have a different
effective refractive index from that of the first cavity 561.
Also, the third cavity 563 may include the first and second
material layers having different widths from those of the
first and second cavities 561 and 562, and thus, may
have a different effective refractive index from those of
the first and second cavities 561 and 562. As described
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above, the first, second, and third cavities 561, 562, and
563 may implement different center wavelengths from
one another by the different effective refractive indices.
[0109] For example, the second material layer M2 in
the first cavity 561 may have a plurality of first second
material layer sections, the second material layer M2 in
the second cavity 562 may have a plurality of second
second material layer sections and the second material
layer M2 in the second cavity 563 may have a plurality
of third second material layer sections. Further, the
widths of each of the plurality of first second material
layer sections are different that the widths of each of the
plurality of second second material layer sections, and
the widths of each of the plurality of third second material
layer sections are different that the widths of each of the
plurality of second second material layer sections.
[0110] FIG. 26 is a diagram showing an example of a
second bandpass filter group 600a that may be adopted
in the optical filter 1100 of FIG. 2. The second bandpass
filter group 600a shown in FIG. 26 is the same as the
second bandpass filter group 200a of FIG. 9, except for
cavities 661, 662, and 663.
[0111] Referring to FIG. 26, the second bandpass filter
group 600a may include fourth, fifth, and sixth bandpass
filters 610a, 620a, and 630a having different center wave-
lengths from one another within the second wavelength
band. Each of the fourth, fifth, and sixth bandpass filters
610a, 620a, and 630a includes two second Bragg reflec-
tive layers 251 and a cavity 661, 662, or 663 between
the two second Bragg reflective layers 251. Here, the
fourth, fifth, and sixth bandpass filters 610a, 620a, and
630a may respectively include the fourth, fifth, and sixth
cavities 661, 662, and 663 having different effective re-
fractive indices from one another.
[0112] The fourth cavity 661 may have a structure in
which first and second material layers having different
refractive indices are alternately stacked. For example,
the first material layer may include silicon and the second
material layer may include silicon oxide. However, one
or more embodiments are not limited thereto, and the
first and second material layers may include various other
materials.
[0113] FIG. 26 shows an example in which the first and
second material layers are arranged in a direction per-
pendicular to the second Bragg reflective layer 251. How-
ever, one or more embodiments are not limited thereto,
and the first and second material layers may be arranged
in parallel with the second Bragg reflective layer 251 or
may be two-dimensionally arranged.
[0114] The fifth cavity 662 may include the first and
second material layers having different widths from those
of the fourth cavity 661, and thus, may have a different
effective refractive index from that of the fourth cavity
661. Also, the sixth cavity 663 may include the first and
second material layers having different widths from those
of the fourth and fifth cavities 661 and 662, and thus, may
have a different effective refractive index from those of
the fourth and fifth cavities 661 and 662. As described

above, the fourth, fifth, and sixth cavities 661, 662, and
663 may implement different center wavelengths from
one another by the different effective refractive indices.
[0115] FIG. 27 is a diagram showing an example of
another bandpass filter 700 that may be adopted in the
optical filter 1100 of FIG. 2. The bandpass filter 700 of
FIG. 27 may be applied to the first and second bandpass
filter groups 100a and 200a of FIG. 2.
[0116] Referring to FIG. 27, the bandpass filter 700
includes three Bragg reflective layers 751 spaced apart
from one another, and two cavities 760 between the
Bragg reflective layers 751. Here, the Bragg reflective
layers 751 may be a DBR. FIG. 27 shows an example in
which the bandpass filter 700 includes two cavities 760,
but the bandpass filter 700 may include three or more
cavities 760.
[0117] FIG. 28 shows an example of another multi-lay-
er 800 that may be adopted in the optical filter 1100 of
FIG. 2. The multi-layer 800 of FIG. 28 may be applied to
the first and second multi-layers 100b and 200b of FIG. 2.
[0118] Referring to FIG. 28, the multi-layer 800 in-
cludes a first Bragg reflective layer 852 and a second
Bragg reflective layer 853 stacked on the first Bragg re-
flective layer 852. The first and second Bragg reflective
layers 852 and 853 may have reflective wavelength
bands that are different from that of the Bragg reflective
layer in a bandpass filter of the multi-layer 800. Here, a
position of the bandpass filter on the multi-layer 800 may
be variously modified. For example, the bandpass filter
may be on or under the first and second Bragg reflective
layers 852 and 853, or may be between the first and
second Bragg reflective layers 852 and 853.
[0119] The first Bragg reflective layer 852 may have a
structure, in which first and second material layers 852a
and 852b having different refractive indices are alternate-
ly stacked, and the second Bragg reflective layer 853
may have a structure, in which third and fourth material
layers 853a and 853b having different refractive indices
are alternately stacked. Here, at least one of the material
and the thickness of the third and fourth material layers
853a and 853b may be different from that of the first and
second material layers 852a and 852b. FIG. 28 shows
an example in which the multi-layer 800 includes two
Bragg reflective layers, that is, the first and second Bragg
reflective layers 852 and 853, but the multi-layer 800 may
include three or more Bragg reflective layers.
[0120] FIG. 29 is a cross-sectional view of an optical
filter 1200 according to another example embodiment.
Hereinafter, the differences of the optical filter 1200 from
those of the above-described example embodiments will
be described.
[0121] Referring to FIG. 29, the optical filter 1200 in-
cludes first, second, and third filter groups 100, 200, and
300 arranged on the same plane. The first filter group
100 includes first to third filter units 110, 120, and 130,
and the second filter group 200 includes fourth to sixth
filter units 210, 220, and 230. The first filter group 100
may have center wavelengths within the first wavelength
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band, and the second filter group 200 may have center
wavelengths within the second wavelength band. The
first and second filter groups 100 and 200 are the same
as the first and second filter groups 100 and 200 shown
in FIG. 2, and thus, descriptions thereof are omitted.
[0122] The third filter group 300 includes seventh,
eighth, and ninth filter units 310, 320, and 330. Here,
each of the seventh to ninth filter units 310, 320, and 330
of the third filter group 300 includes first and second
Bragg reflective layers 351 and 352 and cavities 361,
362, and 363 between the first and second Bragg reflec-
tive layers 351 and 352. Here, each of the seventh, eight,
and ninth cavities 361, 362, and 363 may include a die-
lectric material having a certain refractive index. For ex-
ample, each of the seventh, eight, and ninth cavities 361,
362, and 363 may include silicon, silicon oxide, or titani-
um oxide.
[0123] The seventh, eighth, and ninth filter units 310,
320, and 330 may include the seventh to ninth cavities
361, 362, and 363 having different thicknesses from one
another. For example, the seventh cavity 361 has a thick-
ness that is less than that of the eighth cavity 362, and
the ninth cavity 363 may have a thickness that is greater
than that of the eighth cavity 362. Accordingly, the sev-
enth to ninth filter units 310, 320, and 330 may have dif-
ferent center wavelengths from one another. The third
filter group 300 including the seventh to ninth filter units
310, 320, and 330 may have the center wavelengths with-
in a wavelength band between the first and second wave-
length bands. In addition, the seventh to ninth filter units
310, 320, and 330 may have seventh to ninth cavities
having different effective refractive indices from one an-
other.
[0124] FIG. 30 shows an example of the transmission
spectrum of the optical filter 1200 of FIG. 29.
[0125] In FIG. 30, "A" denotes a transmission spectrum
of the first filter group 100, "B" denotes a transmission
spectrum of the second filter group 200, and "C" denotes
a transmission spectrum of the third filter group 300.
[0126] Referring to FIG. 30, the third filter group 300
may implement the center wavelengths within the wave-
length band between the first wavelength band of the first
filter group 100 and the second wavelength band of the
second filter group 200.
[0127] FIG. 31 is a cross-sectional view of an optical
filter 1300 according to another example embodiment.
[0128] Referring to FIG. 31, the optical filter 1300 may
include first and second filter groups 1310 and 1320 ar-
ranged on the same plane. Each of the first and second
filter groups 1310 and 1320 may include one or more
filter units. FIG. 31 shows an example, in which the first
and second filter groups 1310 and 1320 each include
one filter unit, for example, a first filter unit 1310a or a
second filter unit 1320a, for convenience of description.
When each of the first and second filter groups 1310 and
1320 includes a plurality of filter units, the plurality of filter
units may include cavities having different thicknesses
from one another.

[0129] The first filter unit 1310a includes a first band-
pass filter 1311 and a first multi-layer 1312 provided on
the first bandpass filter 1311. Here, the first filter unit
1310a may be the same as the first to third filter units
110a, 120a, and 130a shown in FIG. 2, and thus, de-
scriptions thereof are omitted. The first filter unit 1310a
may have a center wavelength of a short wavelength
band.
[0130] The second filter unit 1320a includes a second
multi-layer 1321 and a second bandpass filter 1325 on
the second multi-layer 1321. Here, the second multi-layer
1321 may be the same as the second multi-layer 200b
shown in FIG. 2, and thus, descriptions thereof are omit-
ted.
[0131] The second bandpass filter 1325 may have a
cavity structure having a center wavelength in a long
wavelength band, and may include a material that may
absorb the light of short wavelength. The short wave-
length is shorter than the long wavelength. The second
bandpass filter 1325 may include two Bragg reflective
layers 1322 and a cavity 1323 between the Bragg reflec-
tive layers 1322.
[0132] Each of the Bragg reflective layers 1322 may
have a structure, in which first and second material layers
1322a and 1322b having different refractive indices from
each other are alternately stacked. Here, one of the first
and second material layers 1322a and 1322b may in-
clude a material (e.g., silicon, GaP, etc.) that may absorb
the light of the first wavelength band, e.g., the light of
short wavelength. For example, the first and second ma-
terial layers 1322a and 1322b may include silicon and
silicon oxide. For instance, the first material layers 1322a
may include silicon and the second material layers 1322b
may include silicon oxide. The cavity 1323 between the
Bragg reflective layers 1322 may include, for example,
silicon.
[0133] FIG. 32 is a diagram showing an example of a
transmission spectrum of the first filter unit 1310a of FIG.
31. Referring to FIG. 32, the first filter unit 1310a transmits
the center wavelength in the short wavelength band.
[0134] FIG. 33 is a diagram showing an example of a
transmission spectrum of the second filter unit 1320a of
FIG. 31. Here, the first and second material layers 1322a
and 1322b include silicon and silicon oxide, and the cavity
1323 includes silicon. Referring to FIG. 33, because sil-
icon absorbs the light of the short wavelength band, the
second filter unit 1320a may only transmit the center
wavelength of the long wavelength band.
[0135] In the above description, the second multi-layer
1321 is provided under the second bandpass filter 1325,
but the second multi-layer 1321 may be omitted.
[0136] FIG. 34 is a cross-sectional view of an optical
filter 1400 according to another example embodiment.
The optical filter 1400 of FIG. 34 is the same as the optical
filter 1300 of FIG. 31, except for a second bandpass filter
1425.
[0137] The first filter unit 1410 includes a first bandpass
filter 1411 and a first multi-layer 1412 on the first band-
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pass filter 1411. The first filter unit 1410 may have a cent-
er wavelength of a short wavelength band. The second
filter unit 1420 includes a second multi-layer 1421 and a
second bandpass filter 1425 on the second multi-layer
1421.
[0138] The second bandpass filter 1425 may have a
cavity structure having a center wavelength in a long
wavelength band, and may include a material that may
absorb the light of short wavelength. The second band-
pass filter 1425 may include a Bragg reflective layer 1422,
a cavity 1423, and a short-wavelength absorption layer
1424.
[0139] The Bragg reflective layers 1422 may have a
structure, in which first and second material layers 1422a
and 1422b having different refractive indices from each
other are alternately stacked. For example, the first and
second material layers 1422a and 1422b may include
silicon oxide and titanium oxide. The Bragg reflective lay-
er 1422 may include the cavity 1423. The cavity 1423
may include, for example, silicon. The cavity 1423 may
include a short-wavelength absorption layer 1424. Here,
the short-wavelength absorption layer 1424 may include,
for example, silicon or GaP.
[0140] FIG. 35 is a cross-sectional view of an optical
filter 1500 according to another example embodiment.
[0141] Referring to FIG. 35, the optical filter 1500 may
include first, second, and third filter groups 1510, 1520,
and 1530 arranged on the same plane. Each of the first
to third filter groups 1510, 1520, and 1530 may include
one or more filter units. FIG. 35 shows an example in
which each of the first to third filter groups 1510, 1520,
and 1530 includes one filter unit, for example, a first filter
unit 1510a, a second filter unit 1520a, or a third filter unit
1530a. When each of the first to third filter groups 1510,
1520, and 1530 includes a plurality of filter units, the plu-
rality of filter units may include cavities having different
thicknesses from one another.
[0142] Each of the first, second, and third filter units
1510a, 1520a, and 1530a may have a structure, in which
first and second material layers 1511a and 1511b are
alternately stacked, and the first and second material lay-
ers 1511a and 1511b have optical thicknesses that are
gradually increased in one direction (for example, up di-
rection in FIG. 35). For example, the first and second
material layers 1511a and 1511b may have optical thick-
nesses (FWOT) that are gradually increased from about
0.15 to about 0.35 in the up direction.
[0143] Each of the first to third filter units 1510a, 1520a,
and 1530a may include first, second, and third cavities
1561, 1562, and 1563 between the first and second ma-
terial layers 1511a and 1511b. Here, the first to third cav-
ities 1561, 1562, and 1563 may be at different locations
between the first and second material layers 1511a and
1511b. FIG. 36 shows an example of the transmission
spectrum of the optical filter 1500 of FIG. 35.
[0144] FIG. 37 is a cross-sectional view of an optical
filter 2000 according to another example embodiment.
[0145] Referring to FIG. 37, the optical filter 2000 in-

cludes filter units 110, 120, 130, 210, 220, and 230, and
an additional filter 2500 on the first to sixth filter units 110,
120, 130, 210, 220, and 230.
[0146] The additional filter 2500 may include a plurality
of additional filter units, for example, first, second, and
third additional filter units 2501, 2502, and 2503. The first
additional filter unit 2501 corresponds to the first and sec-
ond filter units 110 and 120, the second additional filter
unit 2502 corresponds to the third and fourth filter units
130 and 210, and the third filter unit 2503 corresponds
to the fifth and sixth filter units 220 and 230. However,
one or more example embodiments are not limited there-
to, and each of the first to third additional filter units 2501,
2502, and 2503 may correspond to one filter unit or three
or more filter units.
[0147] When the first and second filter units 110 and
120 transmit the first wavelength band, the first additional
filter unit 2501 may block the light of the other wavelength
bands than the first wavelength band desired by the first
and second filter units 110 and 120. For example, when
the first and second filter units 110 and 120 transmit the
wavelength band of about 400 nm to about 500 nm, the
first additional filter unit 2501 may be a blue filter unit that
transmits the wavelength band of blue light.
[0148] When the third and fourth filter units 130 and
210 transmit the second wavelength band, the second
additional filter unit 2502 may block the light of the other
wavelength bands than the second wavelength band de-
sired by the third and fourth filter units 130 and 210. For
example, when the third and fourth filter units 130 and
210 transmit the wavelength band of about 500 nm to
about 600 nm, the second additional filter unit 2502 may
be a green filter unit that transmits the wavelength band
of green light.
[0149] When the fifth and sixth filter units 220 and 230
transmit the third wavelength band, the third additional
filter unit 2503 may block the light of the other wavelength
bands than the third wavelength band desired by the fifth
and sixth filter units 220 and 230. For example, when the
fifth and sixth filter units 220 and 230 transmit the wave-
length band of about 600 nm to about 700 nm, the third
additional filter unit 2503 may be a red filter unit that trans-
mits the wavelength band of red light.
[0150] The additional filter (2500 may include a color
filter. In this case, the first to third additional filter units
2501, 2502, and 2503 may be first, second, and third
color filter units, respectively. The color filter may include,
for example, a color filter that is generally applied to a
color display apparatus such as a liquid crystal display
device or an organic light-emitting display apparatus.
[0151] The additional filter 2500 may include a wide-
band filter. In this case, the first to third additional filter
units 2501, 2502, and 2503 may be first, second, and
third wideband filter units, respectively. Each of the wide-
band filter units may have, for example, a multi-cavity
structure or a metal mirror structure.
[0152] FIG. 38 is a diagram showing an example of a
wideband filter that may be used as the additional filter
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2500 of FIG. 37. FIG. 38 shows one wideband filter unit
2510 included in the wideband filter.
[0153] Referring to FIG. 38, the wideband filter unit
2510 may include a plurality of reflective layers 2513,
2514, and 2515, and a plurality of cavities 2511 and 2512
among the reflective layers 2513, 2514, and 2515. FIG.
38 shows three reflective layers 2513, 2514, and 2515
and two cavities 2511 and 2512 as an example, but one
or more embodiments are not limited thereto, and the
number of the reflective layers 2513, 2514, and 2515 and
the number of cavities 2511 and 2512 may vary.
[0154] The first, second, and third reflective layers
2513, 2514, and 2515 are spaced apart from one another,
the first cavity 2511 is between the first and second re-
flective layers 2513 and 2514 and the second cavity 2512
is between the second and third reflective layers 2514
and 2515.
[0155] Each of the first and second cavities 2511 and
2512 may have a material having a certain refractive in-
dex. Also, each of the first and second cavities 2511 and
2512 may include two or more materials having different
refractive indices from each other.
[0156] Each of the first to third reflective layers 2513,
2514, and 2515 may be a Bragg reflective layer. Each of
the first to third reflective layers 2513, 2514, and 2515
may have, for example, a structure in which a plurality of
material layers having different refractive indices from
one another are alternately stacked.
[0157] FIG. 39 is a diagram showing another example
of a wideband filter that may be used as the additional
filter 2500 of FIG. 37. FIG. 39 shows one wideband filter
unit 2520 included in the wideband filter.
[0158] Referring to FIG. 39, the wideband filter unit
2520 may include first and second metal mirror layers
2522 and 2523 and a cavity 2521 between the first and
second metal mirror layers 2522 and 2523.
[0159] FIG. 40 is a cross-sectional view of an optical
filter 3000 according to another example embodiment.
[0160] Referring to FIG. 40, the optical filter 300 in-
cludes a plurality of filter units 110, 120, 130, 210, 220,
and 230, and a short-wavelength absorption filter 1610
and a long-wavelength block filter 1620 on the plurality
of filter units 110, 120, 130, 210, 220, and 230. According
to the illustration in FIG. 40, the first, second, and third
filter units 110, 120, and 130 of the first filter group 100,
and the fourth, fifth, and sixth filter units 210, 220, and
230 of the second filter group 200 as described above
for convenience of description, however the disclosure
is not limited thereto.
[0161] The short-wavelength absorption filter 1610 is
provided on some (110, 130, and 220) of the first to sixth
filter units 110, 120, 130, 210, 220, and 230, and the long-
wavelength absorption filter 1620 may be provided on
the other (120, 210, and 230) of the first to sixth filter units
110, 120, 130, 210, 220, and 230. FIG. 40 shows an
example, in which each of the short-wavelength absorp-
tion filter 1610 and the long-wavelength block filter 1620
corresponds to one of the filter units 110, 120, 130, 210,

220, and 230, but one or more embodiments are not lim-
ited thereto, and each of the short-wavelength absorption
filter 1610 and the long-wavelength block filter 1620 may
correspond to two or more of the filter units 110, 120,
130, 210, 220, and 230.
[0162] The short-wavelength absorption filter 1610
may block, for example, the light of short-wavelength
such as visible light. The short-wavelength absorption
filter 1610 may be manufactured by depositing a material
that may absorb the visible light, e.g., silicon, on some
(110, 130, and 220) of the filter units 110, 120, 130, 210,
220, and 230. The filter units 110, 130, and 220 on which
the short-wavelength absorption filter 1610 is provided
may transmit near infrared ray (NIR) of a longer wave-
length than that of the visible light.
[0163] The long-wavelength block filter 1620 may
block, for example, the light of long wavelength such as
NIR. The long-wavelength block filter 1620 may include
an NIR cut-off filter. The filter units 120, 210, and 230 on
which the long-wavelength block filter 1620 is provided
may transmit the visible light having a shorter wavelength
than that of the NIR.
[0164] According to the example embodiment, the
short-wavelength absorption filter 1610 and the long-
wavelength block filter 1620 are provided on the filter
units 110, 120, 130, 210, 220, and 230, and thus, the
optical filter 300 of wideband, that is, from the visible ray
band to the NIR band, may be manufactured.
[0165] According to the example embodiments of the
disclosure, the optical filter includes the plurality of filter
units that may filter the different wavelength bands, and
thus, the wideband characteristics may be improved. Al-
so, because each of the plurality of filter units includes
the multi-layer capable of blocking the light of an unde-
sired wavelength band, the desired wavelength band
may be implemented, and spectroscopic characteristics
may be improved. Although the example embodiments
have been described above, these are merely exempla-
ry, and various modifications may be made therefrom by
those of ordinary skill in the art.
[0166] It should be understood that example embodi-
ments described herein should be considered in a de-
scriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each example
embodiment should typically be considered as available
for other similar features or aspects in other example
embodiments. While one or more example embodiments
have been described with reference to the figures, it will
be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the scope as defined by the fol-
lowing claims.

Claims

1. An optical filter comprising:
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at least one first filter element having a first cent-
er wavelength within a first wavelength band;
and
at least one second filter element arranged on
a same plane as the at least one first filter ele-
ment, the at least one second filter element hav-
ing a second center wavelength within a second
wavelength band,
wherein each of the at least one first filter ele-
ment comprises:

a first bandpass filter including a plurality of
first Bragg reflective layers and at least one
first cavity provided between the plurality of
first Bragg reflective layers; and
a first multi-layer provided on the first band-
pass filter, the first multi-layer having a dif-
ferent center wavelength than the first cent-
er wavelength of the plurality of first Bragg
reflective layers to block light of other wave-
length bands than the first wavelength
band.

2. The optical filter of claim 1, wherein each of the plu-
rality of first Bragg reflective layers and the first multi-
layer has a structure, in which a plurality of material
layers having different refractive indices from one
another are alternately stacked,
wherein each of the plurality of material layers in the
first multi-layer have a first thickness and is made of
a first material, and
wherein at least one of the first thickness or the first
material is different from a second thickness or a
second material of each of the plurality of material
layers of the plurality of first Bragg reflective layers.

3. The optical filter of claim 2, wherein the first multi-
layer includes a third Bragg reflective layer including
material layers having identical optical thicknesses;
and/or
wherein the first center wavelength of the first band-
pass filter is adjusted by changing a thickness or an
effective refractive index of the at least one first cav-
ity; and/or
wherein the first multi-layer includes a first pass filter
including material layers, at least some of which have
different optical thicknesses, preferably, wherein the
first pass filter includes a shortpass filter.

4. The optical filter of one of claims 1 to 3, wherein the
at least one second filter element comprises:

a second bandpass filter including a plurality of
second Bragg reflective layers and a second
cavity between the plurality of second Bragg re-
flective layers; and
a second multi-layer provided on the second
bandpass filter, the second multi-layer having a

different center wavelength than the second
center wavelength of the plurality of second
Bragg reflective layers to block light of other
wavelength bands than the second wavelength
band.

5. The optical filter of claim 4, wherein each of the plu-
rality of second Bragg reflective layers and the sec-
ond multi-layer has a structure, in which a plurality
of material layers having different refractive indices
from one another are alternately stacked,
wherein the plurality of material layers in the second
multi-layer have a third thickness and is made of a
third material, and
wherein at least one of the third thickness or the third
material is different from a fourth thickness or a fourth
material of each of the plurality of material layers of
the plurality of second Bragg reflective layers.

6. The optical filter of claim 5, wherein the material lay-
ers in each of the second Bragg reflective layers are
same as the material layers in the first multi-layer,
and the material layers in the second multi-layer are
same as material layers in each of the first Bragg
reflective layers; and/or
wherein the second multi-layer includes a fourth
Bragg reflective layer including material layers hav-
ing identical optical thicknesses; and/or
wherein the second multi-layer includes a second
pass filter including material layers, at least some of
which have different optical thicknesses, preferably,
wherein the second pass filter includes a longpass
filter.

7. The optical filter of claim 4, wherein the second cent-
er wavelength of the second bandpass filter is ad-
justed by changing a thickness or an effective refrac-
tive index of the second cavity.

8. The optical filter of one of claims 1 to 7, wherein the
at least one second filter element comprises a sec-
ond bandpass filter that includes a plurality of second
Bragg reflective layers including a material absorb-
ing the light of the first wavelength band and a cavity
provided between the plurality of second Bragg re-
flective layers; and/or
wherein a short-wavelength absorption filter is pro-
vided on some of the at least one first filter element
and the at least one second filter element and a long-
wavelength block filter is provided on some of the
other of the at least one first filter element and the
at least one second filter element; and/or
the optical filter further comprising at least one third
filter element arranged on a same plane as the at
least one first filter element and the at least one sec-
ond filter element, wherein the at least one third filter
element has a third center wavelength between the
first wavelength band and the second wavelength
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band; and/or
the optical filter further comprising an additional filter
provided on the at least one first filter element and
the at least one second filter element to only transmit
a certain wavelength band, preferably, wherein the
additional filter comprises a color filter or a wideband
filter.

9. A spectrometer comprising:

an optical filter according to one of claims 1 to
8; and
a sensing device receiving light transmitted
through the optical filter.

10. The spectrometer of claim 9, wherein each of the
plurality of first Bragg reflective layers and the first
multi-layer has a structure, in which a plurality of ma-
terial layers having different refractive indices from
one another are alternately stacked,
wherein each of the plurality of material layers in the
first multi-layer have a first thickness and is made of
a first material, and
wherein at least one of the first thickness or the first
material is different from a second thickness or a
second material of each of the plurality of material
layers of the plurality of first Bragg reflective layers.

11. The spectrometer of claim 10, wherein the first multi-
layer includes a third Bragg reflective layer including
material layers having identical optical thicknesses;
and/or
wherein the first multi-layer includes a first pass filter
including material layers, at least some of which have
different optical thicknesses; and/or
wherein the first center wavelength of the first band-
pass filter is adjusted by changing a thickness or an
effective refractive index of the at least one first cav-
ity.

12. The spectrometer of one of claims 9 to 11, wherein
the at least one second filter element comprises:

a second bandpass filter including a plurality of
second Bragg reflective layers and a second
cavity between the plurality of second Bragg re-
flective layers; and
a second multi-layer provided on the second
bandpass filter, the second multi-layer having a
different center wavelength than the second
center wavelength of the plurality of second
Bragg reflective layers to block light of other
wavelength bands than the second wavelength
band.

13. The spectrometer of claim 12, wherein each of the
plurality of second Bragg reflective layers and the
second multi-layer has a structure, in which a plural-

ity of material layers having different refractive indi-
ces from one another are alternately stacked,
wherein the plurality of material layers in the second
multi-layer have a third thickness and is made of a
third material, and
wherein at least one of the third thickness or the third
material is different from a fourth thickness or a fourth
material of each of the plurality of material layers of
the plurality of second Bragg reflective layers.

14. The spectrometer of claim 13, wherein the second
multi-layer includes a fourth Bragg reflective layer
including material layers having identical optical
thicknesses; and/or
wherein the second multi-layer includes a first pass
filter including material layers, at least some of which
have different optical thicknesses; and/or
wherein the second center wavelength of the second
bandpass filter is adjusted by changing a thickness
or an effective refractive index of the second cavity.

15. The spectrometer of claim 9, wherein the at least
one second filter element comprises a second band-
pass filter that includes a plurality of second Bragg
reflective layers including a material absorbing the
light of the first wavelength band and a cavity pro-
vided between the plurality of second Bragg reflec-
tive layers; and/or
wherein the optical filter further comprises at least
one third filter element arranged on a same plane as
the at least one first filter element and the at least
one second filter element, and the at least one third
filter element has a third center wavelength between
the first wavelength band and the second wave-
length band; and/or
wherein the optical filter further comprises an addi-
tional filter provided on the at least one first filter el-
ement and the at least one second filter element to
only transmit a certain wavelength band; and/or
wherein a short-wavelength absorption filter is pro-
vided on some of the at least one first filter element
and the at least one second filter element and a long-
wavelength block filter is provided on some of the
other of the at least one first filter element and the
at least one second filter element.
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